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(57)Abstract: 

PURPOSE: To provide the projection detecting circuit of a magnetic disk 
capable of improving the S/N ratio of the projection detection signal 
obtained by a vibration sensor and improving the detection reliability. 
CONSTITUTION: The output voltage outputted by the vibration sensor of a 
projection detecting circuit and including noises is properly amplified by an 
amplifier 10a, only the natural vibration frequency component of the vibration 
sensor is extracted by a band filter 10b, and noises are removed. The natural 
vibration frequency component is detected by a detecting circuit 10c to 
obtain the envelope voltage, it is differentiated by a differentiating circuit 
10d, the differential voltage emphasized with the change of the wave-form is 
obtained, it is compared with the constant threshold value voltage by a 
comparator 10e, and the projection detection pulse is outputted. A projection 
smaller than before can be satisfactorily detected by the noise removal and 
differentiation. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the projection detection equipment of the magnetic disk which detects vibration which 
the projection detection head which surfaced from said front face by the air flow generated on the 
front face of the rotating magnetic disk is made to collide with the projection in said front face, and 
is generated at the time of a collision with a sway sensor, and detects the projection of said magnetic 
disk The amplifier which amplifies the electrical signal acquired from said sway sensor, and the 
band-pass filter which extracts the oscillation frequency component of said sway sensor proper in 
response to the signal from this amplifier. The detector circuit which carries out envelope detection 
of the signal outputted from this band-pass filter, and outputs the voltage signal of envelope 
detection, The projection detector of the magnetic disk characterized by having the differential 
circuit which differentiates said voltage signal, and the comparator which outputs the pulse which 
shows projection detection for the output signal of this differential circuit as compared with a 
predetermined threshold. 

[Claim 2] A sway sensor is fixed to the field of said support arm and the field of the opposite side 
where the back end side of said suspension spring was fixed in the support arm which supports said 
projection detection head through a suspension spring. The thickness of the part of said support arm 
which is fixing said sway sensor by a certain frequency chosen in the received frequency band of 
said sway sensor and said collision The projection detector of the magnetic disk according to claim 1 
characterized by being almost equal to the half-wave length of said supersonic wave determined by 
the acoustic velocity of the supersonic wave of the longitudinal wave which occurs and spreads said 
support arm, or the wavelength of the integral multiple. 

[Claim 3] In the projection detection equipment of the magnetic disk which detects vibration which 
the projection detection head which surfaced from said front face by the air flow generated on the 
front face of the rotating disk is made to collide with the projection in said front face, and is 
generated at the time of a collision with a sway sensor, and detects the projection of said disk The 
amplifier which amplifies the electrical signal acquired from said sway sensor, and the band-pass 
filter which extracts the oscillation frequency component of said sway sensor proper in response to 
the signal from this amplifier, The detector circuit which carries out envelope detection of the signal 
outputted from this band-pass filter, and outputs the voltage signal of envelope detection, The 
projection detector of the magnetic disk characterized by having the differential circuit which 
differentiates said voltage signal, and the comparator which outputs the pulse which shows 
projection detection for the output signal of this differential circuit as compared with a 
predetermined threshold. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is S/N of the signal of the projection detection obtained from 
a sway sensor in detail about the projection detector of a magnetic disk. It is related with the 
projection detector of the magnetic disk which can raise a ratio and can raise the dependability of 
detection. 
[0002] 

[Description of the Prior Art] The magnetic disk which is one of the information record media uses 
an aluminum disk, glass, etc. as the base, applies a magnetic film to the front face, carries out the 
coating of the protective coat further, and is manufactured. The front face where the magnetic film 
and the protective coat were applied needs to be the smooth flat surface which does not have 
irregularity, such as a projection, as much as possible. Then, varnishing is performed so that the front 
face of a magnetic disk may turn into a smooth flat surface. However, in addition, the projection of 
the above magnitude may remain to some extent on the surface of a disk also by varnishing. The 
magnetic disk with which such a projection remained has the high danger that the magnetic head will 
collide with a projection and will be damaged, and the problem of generating an error is in the data 
to access. In order to avoid such danger and a problem, projection inspection of a magnetic disk is 
conducted with projection test equipment. Consequently, when the big projection remains more than 
the predetermined number beyond the convention to the magnetic disk, re-varnishing of a magnetic 
disk is performed and the flat surface is graduated. 

[0003] Drawing 2 is the conventional projection detection device of projection test equipment, and 
the outline of the detection approach. The spindle 2 is equipped with the magnetic disk (following 
only disk) 1 shown in drawing (a), and it rotates. This disk 1 is countered and the carriage device 7 is 
established. Migration section 7a of the carriage device 7 The support arm 6 is formed and the back 
end of the suspension spring 5 is being fixed to this. The projection detection head 3 for projection 
detection (only henceforth a detection head) is attached at the tip. If a disk 1 rotates, the suspension 
spring 5 will give a load to the detection head 3 so that the detection head 3 may stand face to face 
against the front face of a disk 1 and may surface, and will support this. Although there are the 
Winchester mold used for the beginning and a thin film head developed after that in the magnetic 
head which accesses data to a magnetic disk, the detection head 3 is also having the same structure 
as them, (b) It is a detection head corresponding to the Winchester mold used for ** and the 
beginning, (c) Correspond to ** and the thin film head developed after that. Each detection head 3 
has the head slider of the same configuration as these magnetic heads as slider 3a, and a piezo- 
electric element 4 like illustration is being fixed to this by the top face. The detection head 3 is drive- 
motor 7b. Migration section 7a which moves from rotation It moves in the radius R direction of a 
disk 1. This scans the front face of a disk 1 to the shape of a spiral, and concentric circular. The 
detection head 3 is (b) and (c) by the air flow produced by rotation of a disk 1 . It rises to surface by 
height deltah so that it may be shown. When a projection exists in the front face of a disk 1, it 
collides with slider 3a (slider side etc.). A projection detector detects the oscillating voltage signal 
produced in a piezo-electric element 4 by this collision, detection of a projection is performed, and 
projection inspection of a disk 1 is made. 

[0004] Drawin g 3 (a) The projection detector 8 is shown. This is amplifier 8a connected to the piezo- 
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electric element 4 one by one, detector (BPF-DET) 8b which consists of a band-pass-filter + 
envelope detector circuit, and comparator 8c. It is constituted. Threshold voltage Sv fixed in order to 
acquire the signal of projection detection in comparator 8c It is given. Then, slider 3a If the 
projection in the front face of a disk 1 collides, slider 3a will vibrate in response to an impact, and a 
piezo-electric element 4 will vibrate with vibration of this slider 3a. Vibration of the piezo-electric 
element 4 at this time is (b). It becomes the self resonant frequency fc (= 100kHz - about 300kHz) 
like. A piezo-electric element 4 is a frequency fC as the result. The oscillating voltage signal v is 
outputted. Low frequency component fL which extracts a low-frequency component from this output 
with that band-pass filter by detector 8b, detects by the envelope detector circuit further, and is 
shown in (c) A voltage signal v (fL) is outputted. This output signal is comparator 8c. Threshold 
voltage Sv It is compared. Consequently, a voltage signal v (fL) is threshold voltage Sv. If it 
exceeds, the projection detection pulse p will be outputted from comparator 8c. And it counts in the 
data-processing section which this projection detection pulse p does not illustrate. 
[0005] 

[Problem(s) to be Solved by the Invention] In the above-mentioned projection detection device, the 
piezo-electric element 4 serves as a load of the detection head 3. On the other hand, since a piezo- 
electric element 4 is not carried in the actual magnetic head, the case where the surfacing posture 
differs from the actual magnetic head arises. Then, the problem on which the height of the detected 
projection does not agree with the present condition arises. Moreover, as for the inspection data 
made in the condition of having breakage, open circuit and made easy to produce breakage of the 
piezo-electric element by the collision with a projection, and an open circuit of a very thin lead wire, 
a question remains in dependability. If breakage and an open circuit occur, these exchange will be 
required and the activity will also take time and effort each time. In connection with the densification 
of a disk, especially as for the magnetic head in recently, the configuration and the dimension have 
been miniaturized increasingly. For example, the magnetic head of super-mini size called 2x2. 6mm 
angle at 0.5mm in the thickness has also appeared. The surfacing quantity deltah is small to the 
degree of pole, for example, is about 0.05 micrometers. Therefore, the allowed value of the 
magnitude of the projection in this case serves as 0.05 micrometers of maximums. It is necessary to 
detect a projection detection device to such a minute projection. However, there is almost no 
installation room of a piezo-electric element in the head of super-mini size. Although the 
miniaturization of the piezo-electric element itself is needed for attaching by force, thereby, the 
sensibility of a piezo-electric element falls greatly. Moreover, in more cases unlike the actual 
magnetic head, with the head of super-mini size, a surfacing posture generates only the part to which 
the head became small. 

[0006] In order to solve such a problem, then, this artificer etc. The detection head in which the 
sensor is not carried, and the suspension spring with which this detection head was fixed to the tip 
side, and the back end side was fixed to the support arm, It has the sway sensor of the electrostrictive 
ceramics fixed to the field of a support arm where the carriage [ which supports a support arm ], and 
back end side of a suspension spring was fixed, and the field of the opposite side. Projection 
detection equipment almost equal to the half-wave length of the supersonic wave determined by the 
acoustic velocity of the supersonic wave of a longitudinal wave with which the thickness of a 
support arm occurs by a certain frequency and collision which were chosen in the received frequency 
band of a sway sensor, and spreads a support arm, or the wavelength of the integral multiple is 
proposed. This applicant has applied for it. 

[0007] Thus, the supersonic wave of a longitudinal wave can be made to constant-** in the thickness 
direction of a support arm by attaching the sway sensor of electrostrictive ceramics in a support arm 
side, and determining the thickness of a support arm by the relation between the received frequency 
of a sway sensor, and the longitudinal-wave acoustic velocity of the supersonic wave which spreads 
a support arm. The acoustic wave which the projection detection head generated in response to the 
impact in this is efficiently transmitted to a support arm through a suspension spring, and a support 
arm stores the longitudinal-wave acoustic wave of the integral multiple of the half-wave length 
corresponding to thickness by the resonance state. The sway sensor which has the vibration 
corresponding to this vibration for resonance vibration of a support arm by this detects efficiently. 
Therefore, it is not necessary to fix to a projection detection head directly and to detect vibration, and 
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a slider etc. can be miniaturized. 

[0008] Now, generally, the output voltage of the sway sensor of electro strictive ceramics declines as 
the magnitude of a projection becomes minute. Moreover, although the oscillation frequency of a 
sway sensor proper becomes a subject, it is easy to mix a noise component according to various 
causes, and responds to the level fall of output voltage, and the property of output voltage is S/N. A 
ratio gets worse. So, in the projection detector 8 shown previously, there is a problem to which a 
cure in a noise is still inadequate for, and the dependability of projection detection falls. This 
invention is S/N of the signal of the projection detection which was made in view of the above and 
obtained from a sway sensor. It aims at offering the projection detector of the magnetic disk which 
can raise a ratio and raises the dependability of detection. 
[0009] 

[Means for Solving the Problem] This invention and description remove the noise component 
contained in the output voltage of a sway sensor, extract and detect that proper oscillation frequency 
component, and raise the detectability ability to a minute projection by differentiating this further 
and detecting a differential signal as compared with predetermined level. It has the detector circuit 
which a deer is carried out, and that concrete configuration carries out envelope detection of the 
signal outputted from the amplifier which amplifies the electrical signal acquired from a sway 
sensor, the band-pass filter which extracts the oscillation- frequency component of a sway-sensor 
proper in response to the signal from this amplifier, and this band-pass filter, and outputs the voltage 
signal of envelope detection, the differential circuit which differentiate a voltage signal, and the 
comparator which output the pulse which shows projection detection for the output signal of this 
differential circuit as compared with a predetermined threshold. 
[0010] 

[Function] If it was in such a projection detector, after the output voltage containing the noise which 
a sway sensor outputs is suitably amplified with amplifier, only the component of the proper 
oscillation frequency of a sway sensor is extracted by the band-pass filter, and a noise is removed. 
Subsequently, the differential electrical potential difference as which it was detected by the detector 
circuit, the envelope electrical potential difference was obtained, the proper oscillation frequency 
component was further differentiated by the differential circuit, and a wave-like change was 
emphasized is obtained, this is compared with fixed threshold voltage by the comparator, and a 
projection detection pulse is outputted. By the above noise rejection and differential, a minuter 
projection than before can detect good. 
[0011] 

[Example] Drawing 1 (a) It is the block diagram of one example of the projection detector of the 
magnetic disk of this invention, and is (b). It is the electrical-potential-difference wave form chart of 
each part in each phase of operation, drawing (a) it is alike and set, and a spindle 2 is equipped with 
the inspected disk 1, and it rotates. The detection head 3 to this is drawing 2 (b) and (c). The thing of 
the shown Winchester mold or a thin film head or above mentioned any of a super-mini size head is 
sufficient. This is drawing 2 (a). It is similarly attached at the tip of the suspension spring 5. 
However, as for this detection head 3, the piezo-electric element 4 is not carried. The back end of a 
suspension spring is being fixed to the inferior surface of tongue of the support arm 6 established in 
the carriage device 7. An aluminum plate constitutes the support arm 6 and the ultrasonic vibrator 9 
is being fixed to the top face as a sway sensor of electrostrictive ceramics. This ultrasonic vibrator 9 
consists of polycrystalline-substance ceramics of either barium titanate or titanic-acid zircon lead. 
An ultrasonic vibrator 9 is longitudinal-wave vibrator which has the proper oscillation frequency (or 
resonance frequency) fen expressed with a formula below to the thickness d. 

fcn=(n/2d) - (El/2 / rho) (1) However, n:positive integer, E:Young's modulus, rho: Consistency 

[0012] As an ultrasonic vibrator 9, the band (proper oscillation fundamental frequency fcl) of a 
supersonic wave uses what is 100kHz - 1MHz. This is range whose natural frequency of the 
conventional piezo-electric element 4 is 100kHz - about 300kHz, and a frequency of this level is 
because there is already a track record as projection inspection. And thickness D of the part of the 
support arm 6 to which the ultrasonic vibrator 9 is being fixed is set as the value calculated by the 
following formula or its near. 

D=2 mxlambda 1/4 (2) lambdal =v/fcl ... (3) However, m:positive integer, v: The velocity of 
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propagation of the supersonic wave of a support arm, lambda 1 : Wavelength to the fundamental 
frequency fcl in a support arm. 

Half-wave length lambdal / 2 resonate to thickness D, or such a support arm 6 of thickness D is 
lambda 1 one wave. It resonates and the thickness vibration of a frequency fcl is made. Thereby, it is 
transmitted by attenuation with the small component of the frequency fcl of the vibration of a 
detection head. Consequently, the supersonic wave of a longitudinal wave constant-** corresponding 
to thickness D of the support arm 6, and an ultrasonic vibrator 9 resonates to it and outputs an 
oscillating electrical potential difference. 

[0013] For example, if the acoustic velocity which spreads the inside of the thing made from 
aluminum, then aluminum for the support arm 6 makes 7000 kgf(s)/a square millimeter and 
Poisson's ratio gamma to 0.4 and makes a consistency rho 2.7g/a cubic centimeter for Young's 
modulus E with standard temperature, the longitudinal-wave rate v will become like the following 
formula. 

v=[(l-gamma)/(l+gamma)] (one to 2 gamma)l/2 x(E/rho) 1/2 = [(1-0.4) / {(1+0.4) (1-2*0.4)}] 1/2 x 
(6.86*1010 [N-m -2] / 2.7*103 [kg-m -3]) 1/2 = 7378 [m/sec] (however, "*" is the same as "x") 
If the die length (thickness of = support arm 6) of the half-wave length is found as 1= 490kHz of fc 
(s) here lambda l/2=v/2f=73 78 [m/sec] / 2*49*103 [sec-1] 
=7.53*10-3 [m] 
=7.53[mm] 

Then, the band where resonance frequency contains 490kHz, or the thing to which it has center 
frequency near this is used for an ultrasonic vibrator 9. And thickness of the part which fixes the 
ultrasonic vibrator 9 of the support arm 6 is carried out before and after that by making 7.53mm into 
desired value. In addition, since, as for the temperature environment where projection test equipment 
is used, 23-degree management [ temperature ] of about **3 degrees is usually made, change of 
longitudinal-wave acoustic velocity is not changed, so that it affects inspection. And if structure like 
this example is taken, since the thickness of the support arm 6 and the resonance frequency of an 
ultrasonic vibrator 9 will carry out a filter operation, a strong detecting signal can be obtained to a 
noise etc. 

[0014] Now, 10 is a projection detector which undergoes the output from an ultrasonic vibrator 9. 
this - amplifier 10a, band-pass-filter (BPF) 10b, detector circuit (DET) 10c, lOd (Diff) of 
differential circuits, and comparator (COM) lOe cascade connection is carried out and it constitutes - 
- having - comparator 10e **** — fixed threshold voltage Sv It is given. 
[0015] Drawin g 1 (a) and (b) If actuation of the projection detector 10 is explained, the output 
voltage v containing the noise which an ultrasonic vibrator 9 outputs is amplifier 10a. It is amplified 
to suitable level. The amplified signal is band-pass-filter 10b. A noise is removed and oscillating 
electrical-potential-difference [ of the proper oscillation fundamental frequency fcl (or proper 
oscillation frequency fc as one of the higher harmonic of the) ] v (fc) is extracted. And detector 
circuit 10c Envelope detection is performed and the signal of envelope electrical-potential-difference 
v (fd) is outputted. The output signal of envelope electrical-potential-difference v (fd) is lOd of 
differential circuits next. It is added and is outputted as a signal of differential electrical-potential- 
difference v (fe) with which this differentiated and electrical-potential-difference change was 
emphasized. The output signal of this differential electrical-potential-difference v (fe) is comparator 
lOe. It is inputted, sets to comparator lOe, and is threshold voltage Sv. It is compared. Consequently, 
the projection pulse p is outputted after this. 

[0016] Setting above, oscillating electrical-potential-difference v (fc) is drawing (b). (i) Since the 
standup wave of the moment of colliding with a projection is steep so that it may be shown, envelope 
electrical-potential-difference v (fd) becomes a wave with a steep standup (refer to (ii)). Signal 
which differentiated this from this start part since the change before and behind a peak became large 
(iii), It becomes like, this signal — lOd of differential circuits from — comparator lOe adding — 
******. Then, comparator lOe since this serves as a candidate for a comparison Comparison 
detection to depend is performed clearly and the projection pulse p is outputted (refer to (iv)). 
Therefore, reliable detection can be performed. In addition, band-pass-filter 10b In quest of the 
proper oscillation frequency fc (the proper oscillation fundamental frequency fcl or frequency of the 
higher harmonic) of an ultrasonic vibrator 9, the thing of a suitable value is used for a frequency 
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band by the catalog or experiment. Furthermore, threshold voltage Sv A value shall be appropriately 
defined by experiment etc. 

[0017] By the way, the above is drawin g 1 (a), although the example which used the ultrasonic 
vibrator as a sway sensor is raised. As a dotted line shows, it may consider as the detection head of 
the gestalt which put the piezo-electric element 4 on the upper part of slider 3a as usual, and, of 
course, a signal may be received from a piezo-electric element 4 in the projection detector 10. 
Although the example explains projection detection of the magnetic disk with which the coating of a 
magnetic film or the protective coat was carried out, this invention of it being applicable also about 
projection detection of the disk substrate which is the substrate of a magnetic disk is natural. 
[0018] 

[Effect of the Invention] If it is in the projection detector of this invention as the above explanation, 
only the component of the proper oscillation frequency of a sway sensor is extracted by the band- 
pass filter, and a noise is removed, and by differentiating that envelope electrical potential 
difference, a wave-like change is emphasized and it can detect to fitness to a minuter projection than 
before. 



[Translation done.] 
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54*t 3 a©fi»4 4*>{cex'/35 : f-4*>J8»-r'5. C 
© i If ©fx'/^T- 4 (b) ©J:5CCge©@ 

WiiSfj^fc (= 1 0 0 k Hz-3 0 0 k H zfI)S> CC 

^<D&%:£L'ct:x.>/mi L 4tt, mourn ©fi 
»f t cDSff<t-^v (f L ) ccomt>m^ 

*sn>^U-*8c tc,J:»)HfflWES, 4tb«3ftS. 10 

^Eff^v (f L ) tfMflraES. 
4, ^^tfW;!^ p#3>'"<U--£8 cfrt>tii?)$ti 

[0 0 0 5] 

fcl > TSi . fx 4 tf&tH^ ? K 3 ©filSi & -3 1 
I » 6 . -S, ISBWWSSl^ y F (c (J f x 4 #fgiS 

snw^t. *©»±s?fw*jii«©fiftfli^ » F4H& 

a., -e-c-c. ^tti3n/c^3©i^5*«i!« 20 

fx vfaCTeKflre . ®& r ffflo > - K«©«f c 

ti 6 ©IR 9 0 . -£ ©fg* «> 3^1 

*3ftc. satcfeWSSSESl^^ Ftt. -T-'-r ^^©iifffi 

t^S. Bilxtaf. ZCOmZftO. 5mm-C, 2x2. 6m 
mft£t>5fflSi1^X©Sa»^» Kfeffl3BLTl»6. 
•^©?¥±i»S h WggCC/bS < , Mxtf, 0 . 0 5(iin 30 

glgr-**. UfcA^r. c©ts£-©?£t3©A-tf ?©§* 

c©£ 5 a»/h&i&{fl*-cifta-r sc 4*J^ficcfts. 

vt&m&i£ t ^ 4& i m>-c k <o -ww s iaz fx vst 
*@ f*©<h3Mt#.iWcctt c jik «t ^ fx >/m-T 
©sa«A#<®T-r-5». as^t^o^K 

F4J§&3ii£AU'3£<%£-f 
[0 0 0 6] -ec-C. C©£5&(!iIII5rSS&T&fcS'> 40 

F4. COtta^f F*jfciSHIUclffi£U f*4ffi(RiJ* 3 3tf# 

£5£}#-r «";»3> «ta©f&assffii| 

EEIi-fe7 5 y^^©fSKHr>-9-i^«x.rOT. 3tf£7 

-Aomsimwi-k >•*•©«« mmm^tm -cmtRs n 
ttBttofflff «©sa 4 tc j: g sfcss n *a#«o*«fi 
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4 

tg*u c©ttiBSA{*-g-n^ttingLrc^„ 

[0 0 0 7 ] C©J;-5(C, 5 ? **©HMHz> 

1f&30#r-AWK:Btfttt-C. ^#T-A©j?3*!I«j 
•fe > ■fO«fiJa»fl» 4 ^ T - A * jB*««5« 

jftfciSi ©M«rifc5£TS CiT, «&©!&&&*£# 
T-A©(1575-^IiC^iS$1±SCi*i-C-EfS 0 C©Ci 

«fpjft**««ss-cs*s. cntcj;o^Mr-A©it 
^i<^aiT5o Lfcw-D-c. mmwMi^'j Ficmmm 

[0 0 08] -flSWtcEm-fe^ S ^^©flEb-b 

r^3*i/c4>©r\ mm^-^iphn ztizzmfciiio 

ff^OS/N Jt£isj±;*-t±£c4#-t?s . ^^©fffltt?: 
r^i±$ tt^Sm^ -/ x ^©^la^ffiHjg^jsfit-r s c t 

[0009] 

-fe>tf©a^mEcc^*nsy -f^RS»4i«*L. ^© 
rsft^-m-^^rr^© 4 tk$x c-c^ttiir ^ C i 

(C<fc 9 */|\&S©@tc#-*-£tlWHtt1)&*|fiLt 3 -tf/c fc©r- 
» c #i s UMl-T -SitiUS £ . C <Dftti|B8*» ^ 

?&&®y jjizt. com*? j tuufiumtjstitc. 
mma t , sEft -^^es^-r 5 n^gie 4 . c ©es^ 

/ ; b 7. % fH ^) T S 3 > ' < - f 4 * if x -2> -6 © t? * S . 
[0010] 

tcl#*I3ti?c©^ v ^7 -/^if{cJ:SJJi«H2>*©H 

WfitJjii^©^©**^itB3n-c -/ -c x#t»*sti 

6^. Cti*i3>^U-a»{c«fcO-S©B9fiSSE41t^ 



(4) 



ftffiW-S- 14 19 4 9 



[0 0 1 1 ] 

[**sw hi ca) ccDftwcaaai^-f **<D3&£3 
^a@Ko-^)»Wo^ciy^Bir*o, (b) i*. 
f¥afB«c*j»s«ffl©«lE«3&Eir*S. 0(a) tcfcc* 

1ST 5. Cfttc»*r Steffi^? F3tt, 02(b), (c) 

12(a) iia«Kl. *X^>5/a>tt*i5©5HB«?:RO * 

f cn = (n/2d) * (E 1 ' 2 /p) 



*cB5£3ftrt>£. Sl7-A6^ T^5^.a-A« 
JJMBhP9tt. ^#>B^''; r >A 4 £tcte?2>miS)l>^ 

(1) 



fc/cU n : iE©«R. E : + >W 



[ 0 0 1 2 3 fi^ifttRlH^ 4 Lrtt«*»©Wtt (B 



3Ef#r - A 6 cogfcfr©/!;* D «>X<D5S«C J: -7 r»H» S ft 



(2) 

(3) 

20* Mtfilg& L , jHWfflf 9*** ftfcJtfi L r ffittSEE 
tagr + > ^$E*7 0 0 0 kg f ^ »J ^ - h 

n>, #rv>J£r*o. 4, SSp£2. 7 g/^-fe 
^t-rsi, -^(D^igiia v«:;fc(D5JM>J: ^ tctc 5„ 



WStt3S*S««f ci> #100kHz-lMHz©4 

»100kHz-3 0 0 kHz faROEST* 0 . C * 

D = 2 in x A ! /4 

A, =v/f cl 
fc/cU m:IE<DlSgL v : $^7-A(Dit»£l 
MS. A ! : 5!J*T-A«C*5^S»*:HieS[ f e itC*fT 

co<fcV&J?£D<D^r^6B, JSSDtc^jftSA 

<d*>*> cDiM^Si f e 1 ©JdESWf* 5 c »«S?r £ii 
-eofsm, ^r-AecDJiSDcc^j-ioorfflEfficDe^* 

v=[(1-t)/(1 + t> ( 1 -2r) ] 1/2 x <E/p> 1/1 

= [(1-0.4)/ {(1+0. 4) (1-2*0. 4)} 1 1/2 

X(6.8fj*10 1(> [N-nf 2 ] /2.7*ltf [kq-rn 3 ] ) 1/2 
= 7378 [m/sec ] (/c/cU T*j TXj i|HlD) 

CCr\ f (1 = 4 9 0 kHzil/t*«S©fi3 ( = X* *^r-A6©i?S) *5R26S<b 
A t /2 = v/2 f = 7378 [m/sec ] /2*49*10 J [sec -1 ] 
= 7. 53*10" 3 [m ] 
= 7.53 [mm] 

*Ct, 8«ttStt^9 ftSJKfttttf 4 9 0 kHz 

Srffloa. -eur. 3^r-A6©jH*«««HF-9*B 

ST* 2 3° ±3° gK©jaSfi^&5nt(r»4©r t 



*«wss€S«ia@Kr**. cmt t>-?*i oa , 

^7 4)\s*t (BPF) 1 0b v ffl&mn (DET) 1 
0 c. ft^URg (D i f f ) 10d 4 feJ:tf3>A-U- 
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» (COM) 1 0e *f«s»««3tir»St3*i. 
U-^l Oe CCB— S<DBlfflaffiSv #*A6htl* 
S 0 

[00 15] Bl(a),(b) CCj:0^^tmEJ88l OCDttj 
ffi**WTSi, ffl^t^Dl^9^ f 4 J ,^7r^y^X^^ 
trffi2j«EEvtt, T>^1 0a {Cj:0a^&U^il/*r 

«t«[g|ISl 0c tciDaHMW^iR^tfton, x>-<a- 
7lEv ( f jjcoft^lU^Sni. x>^p-p p S0E 

v ( f iWtittm^te* ^cca^isissi od tcmz-h 

ft. cft«cJ:0*»Sftr«Ea^9MH3ft*:8ft»* 
Ev ( f .)<Dfi^<L^rtti;^ftS 0 co»»«Ev 



(5) ^58^5-14 194 9 

7 8 

1 OeCC*5^-CBBiiI*ES ¥ £Jt«3*i£. UHK«C*ortt. »«7 -f JbirklJ: 0»»-b>*Offl 

[0 0 16] «±5c*$t^-c, fittmHv (f\)tt, 0 ft. ^<ox>-<p--7 , mE4f*^'r^c:iic c fc0^co 

(b) ©(i) JCSViMiSte, S«a{cai0eofcBIBI©S:%± ^t^W3nrffi*jyJ:^8R/h&^e$T^?tc^ffl 

RH) o c<D^WQm*frb£~*<Dm1£<o$Zit&j:£ [Hi] C ©IMS CD— (a) «^*g^ffl 

<&Scor, C#i*«5>L/tfi#tt, (iii) OJi^CCft HBOtMSO^n * *«teH8L (b) ttllSttHilllB©* 

So C©g#*s8»»BBl Od *6n>^u-jr i oe io ttf¥SB(cteWi*ff»JBB|-C**. 

CCJn*6*6. Ch#tt«»»ia*C4*6 CH2J (a) ttfi£*©^eifttH««©«J5SH. (b) « 

1 Oe KliSJt«ttffl^?B«l«:fT*>n, 5? -f >****-ffi^? KX^-f^Mi, (c) *<t?g 

*aAjuxp36<ffl*3h* ((iv)#BB) . u/c^^t, ft K^sv KOJBtKiar**. 

«tt©«0**a* J, C**. &*>\ <>\s% 1 Ob CD [S3] (a) «ffi*<O^j|a^ffl|pIJg©|RK«^0. 

*ffi^s„ 3*>&c. r£fsn£s v ofitt, sutt^cc 

c o o 1 7 ] ic^r, «±«\ mm^^v-tir-zm.^ 20 l-ssa-^-f *s\ 2 Kn,. 3-^ 

5rf<fc5{C, ■S£*i|iIfiitcexr/3R-T-4*^v-<^3 a (X^W^®), 5 —fr*'<>S/3 > 

<D±SWc*-t±/cJ^ffi©tfettl^^ KiU, trx-/*-^4*> fctta. 6-3£»T-A. 7 'J * 7a-» 

6fi#*flita«ifflHB 1 0-C5»rfeJ:t*c<tB4>fe5 »ST>> 7b-Ii^-^, 8-"S£*©^teffllHlB. 8 

*tt»Ctt. «MW*fiSHW*«3--'f->^3 a -T>?\ 8 b -fiW? * (BPF) . 8c -n 

n/c®m^^^^(D^|a^tfjicoCiriftiguTC^^. >/\U-^ (COM) . 9 •••fiSilSaHBhP, 10-C© 

hu-K03aa«km«:o^rfcaffl-c#*cAtt<>ft4 ^^(bpf>, i o c -imkbb (det) . 10 

A/C*S. d -»^iR ( D i f f ) . 10e-3>;<I/-3i (C 
[0018] *30 OM) „ 

[02] [S3] [134] 




(6) 
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CB1 ] 



(a) 




P 



